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Aggregation of Oxidation-Mimicking Mutants of Gamma-D Crystallin
Supports a Domain Swapping Model
Eugene Serebryany, Jonathan A. King.
Biology, MIT, Cambridge, MA, USA.
Crystallization, amyloidogenesis, and native-state polymerization of proteins
have been studied extensively, but far less is known about protein aggregation
from folding intermediates. Cataract is a protein misfolding disorder resulting
from formation of light-scattering aggregates of proteins from the crystallin fam-
ily, which account for 90% of all protein in the human eye lens. Amajormodel of
cataract development is the aggregation ofg-crystallins induced by accumulation
of oxidative damage. Oxidative damage can convert hydrophobic core residues to
hydrophilic ones, such as tryptophan to kynurenine. Conversely, a number of hy-
drophilic core substitutions in the gD-crystallin gene cause hereditary early-onset
cataract.We investigated the aggregation of hydrophilic coremutants ofgD-crys-
tallin mimicking effects of oxidative damage. We present evidence that such
mutations lead to structured, non-covalent, non-amyloid aggregation of the
protein, which proceeds under physiological conditions in vitro with little or no
loss of secondary structure. The aggregates are reversible by changes in pH,
but not in temperature. Moreover, a wild-type/mutant mixture can yield dramatic
enhancement in light scattering without aggregation of the wild-type protein
itself. We conclude that such aggregation proceeds from a folding intermediate
or slightly altered conformation accessible under physiological conditions.
Domain swapping mechanisms can account for this aggregation behavior.
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Applications of Two-Dimensional Infrared Spectroscopy to Studies of
Structure and Mechanism in Lens Crystallin Protein Aggregates
Tianqi O. Zhang, Sean D. Moran, Martin T. Zanni.
Dept. of Chemistry, University of Wisconsin-Madison, Madison, WI, USA.
Cataracts are a disease that involves protein aggregation in the lens that blurs
vision and eventually leads to blindness. It is known that denaturation, often re-
sulting from various post-translational modifications, can cause the misfolding
of crystallin proteins, which are found in the insoluble extracts of cataractous
lenses. Although the causes of crystallin misfolding have been identified, its
mechanism is still largely unknown. Using two-dimensional infrared (2D IR)
spectroscopy we have been able to provide insights into the aggregate structures
and misfolding mechanisms that gammaD-Crystallin undergoes when treated
with UV irradiation, heat or acid, with the aid of 13C domain-labeling and native
chemical ligation. 2D IR is sensitive to protein secondary structure and is
capable of revealing coupling between different vibrational modes through
cross-peaks. AlphaB-Crystallin is a structural protein that is known to assemble
into oligomeric molecular chaperones that interact with misfolded or damaged
proteins. Here, we demonstrate that the interaction between alphaB-Crystallin
and misfolded gammaD-Crystallin can be observed using 13C labeling and
2D IR spectroscopy, based on cross-peaks between the proteins’ amide one
bands. Our study provides a new way of monitoring protein-protein interactions
that will be valuable in the further study chaperone interactions with many other
disease-related protein aggregates and their aggregation intermediates.
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Unraveling theMechanism of Cell Death Induced by Chemical and Protein
Fibrils
Olivier Julien1, Martin Kampmann2, Michael C. Bassik2,
Vincent J. Venditto3, Julie A. Zorn1, Arnold L. Rheingold4,
Jonathan S. Weissman2, James A. Wells1.
1Pharmaceutical Chemistry, University of California, San Francisco, San
Francisco, CA, USA, 2Department of Cellular and Molecular Pharmacology,
University of California, San Francisco, San Francisco, CA, USA,
3Department of Bioengineering and Therapeutic Sciences, University of
California, San Francisco, San Francisco, CA, USA, 4Chemistry, University
of California, San Diego, San Diego, CA, USA.
Many neurodegenerative diseases are associated with the accumulation of pro-
tein fibrils in the brain. Numerous studies have revealed important features of
these protein-misfolding diseases, both at the structural and biological levels.
However, the cellular mechanisms by which protein fibrils (e.g. tau, amy-
loid-b, etc.) lead to neurotoxicity remain largely unknown.
A high-throughput screen previously performed in our laboratory has identified
a series of small-molecules that lead to a direct activation of the executioner
procaspases in vitro and in various cancer cell lines. We subsequently found
that these activators, including the most potent of them called 1541, self-
assemble and form homogenous structured fibrils in solution in a very similar
manner to protein fibrils that cause neurodegeneration. We speculate that 1541
may constitute a suitable chemical mimetic for extracellular protein fibrils and
may provide insight into their mechanism of neurotoxicity.In order to understand how these fibril-forming small molecules, which we
name here ‘‘chemi-fibrils’’, are able to induce apoptosis in cell culture, we
used shRNA libraries (25 shRNA/gene) to identify genes that would protect
or sensitize cells against chemi-fibrils. By analyzing two replicates of a focused
screen, as well as a genome-wide screen, we obtained a list of robust candidate
genes likely involved in fibril toxicity. Interestingly, several candidate genes
are involved in endocytosis and vesicle trafficking. We have confirmed some
of these targets by creating single-knockdown stable cell lines and by pharma-
cological inhibition. Furthermore, we found that drugs that reduce the uptake of
protein fibrils by cells, (e.g. cyclodextrin, acting by depleting cholesterol at the
cell surface), also protect against cell death induced by chemi-fibrils. We hope
that the molecular mechanisms identified through these studies will lead to a
better understanding of apoptosis in neurodegenerative diseases.
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ATP-MgD2 Mediated Assembly of Rubisco Activase Investigated using
Fluorescence Correlation Spectroscopy
Manas Chakraborty1, Agnieszka Kuriata1, J Nathan Henderson1,
Michael E. Salvucci2, Rebekka Wachter1, Marcia Levitus1.
1Department of Chemistry and Biochemistry, Arizona State University,
Tempe, AZ, USA, 2Arid-Land Agricultural Research Center, US Department
of Agriculture, Agricultural Research Service, Tempe, AZ, USA.
Ribulose-1,5-bisphosphate carboxylase oxygenase, commonly known as
RuBisCO is an enzyme involved in carbon fixation in photosynthetic organ-
isms. The enzyme is subject to deactivation during its catalytic cycle. RuBisCO
activase (Rca) regenerates active RuBisCO enzyme by facilitating the removal
of the tightly bound inhibitory sugar phosphates from the active sites of Ru-
BisCO. As an expansion to our previous work on the in vitro assembly pathway
of Rca in presence of ADP-Mgþ2, we investigated the self-assembly of the
enzyme in ATP- Mgþ2. For this purpose, we produced a functionally impaired
Rca mutant that lacks ATPase activity. We estimated the average size of the
oligomeric species as a function of Rca concentration using fluorescence cor-
relation spectroscopy (FCS). In line with our earlier observations with wild
type Rca in ADP, the protein assembled in a stepwise manner in ATP in the
0.05-15 mM concentration range. Remarkably, the average oligomeric size
remained relatively unchanged around a value of six subunits per oligomer at
higher concentrations (30-75mM). This is in sharp contrast with our previous
observations in ADP, where we observed a marked decrease in the diffusion
coefficient of the protein consistent with the formation of oligomers containing
tens of protomers. The estimated values of the dissociation constants obtained
from the analysis of the FCS decays were similar for the first steps of the assem-
bly process in both ADP and ATP. However, the formation of the hexamer
from the tetramer is favored in ATP, as evidenced from the lower Kd associated
with this assembly step. This suggests that the formation of a hexameric ring
confers extra stability in the presence of ATP.
Platform: Membrane Physical Chemistry I
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Electric Field Induced Co-Localization of Membrane Components in
Supported Lipid Bilayers Detected by Secondary Ion Mass Spectrometry
Monica M. Lozano1, Jennifer Hovis1, Frank R. Moss1, Krishna Kumar2,
Steven G. Boxer1.
1Chemistry Department, Stanford University, Stanford, CA, USA,
2Chemistry Department, Tufts University, Medford, KS, USA.
It is widely believed that certain membrane lipids and membrane-anchored
proteins associate to form clusters with emergent function. While extensive
data on phase diagrams are available for a range of lipid compositions, these
are most commonly visualized by the partitioning of dyes between different
phases, and, especially in the case of dye-labeled lipids, the label may substan-
tially alter the physical properties of the components. For this reason we have
been developing secondary ion mass spectrometry (SIMS) to image membrane
components, in particular a NanoSIMS instrument, where components are
differentiated by isotope or atom labels. We are particularly interested in com-
ponents that co-localize with the ganglioside GM1, often considered to be a
‘‘raft’’ marker. Here we exploit the single negative charge on GM1 which
allows it to be selectively moved in an electric field parallel to a patterned,
supported membrane surface and address the question of whether other mem-
brane components, notably cholesterol and sphingomyelin, also reorganize.
Supported lipid bilayers were formed by the fusion of giant unilamellar vesi-
cles (8:16:5:71 sphingomyelin:cholesterol:GM1:DOPC) to oxidized silicon
substrates. Orthogonal isotopic labeling of lipid bilayer components and
mono-fluorination of GM1 allowed generation of molecule-specific images
that map the lateral re-distribution of molecules as a result of an electric field.
Sunday, February 16, 2014 41aSimultaneous detection of up to seven different ion species, including second-
ary electrons, allowed generation of ion ratio images whose signal intensity
could be correlated to composition through the use of calibration curves
from standard samples.
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Lipid Bilayer Structure and Dynamics Studied with Molecular Dynamics
Simulations and NMR Measurements
Tiago Ferreira1, Daniel Topgaard1, Samuli O.H. Ollila2.
1Physical chemistry, Lund University, Lund, Sweden, 2Department of
Biomedical Engineering and Computational Science BECS, Aalto
University, Espoo, Finland.
We apply novel NMR experiments and molecular dynamics simulations to
extract information about dynamics and structure of phosphatidylcholine lipid
bilayers. We have developed a method to quantitatively measure rotational
dynamics of hydrocarbon groups by using NMR relaxation measurements.
The results from this method can be used to directly compare dynamics be-
tween simulations and experiments, which has not been possible previously.
We apply this technique to phosphatidylcholine bilayers with and without
cholesterol. In addition, we have measured order parameters for all hydrocar-
bon segments in phosphatidylcholine bilayer with and without cholesterol,
and compared those to the simulation results [1]. The results reveal how choles-
terol affects the molecular structure and dynamics of phosphatidylcholine glyc-
erol and headgroup regions. The quality of simulation models will be critically
discussed emphasizing the headgroup and glycerol regions.
[1] Ferreira et al. PCCP 15, 1976 (2013)
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Understanding the Membrane Permeability of Hydrogen Sulfide through
Molecular Dynamics Simulations using a Polarizable Force Field
Christopher N. Rowley, Saleh Riahi.
Memorial University of Newfoundland, St. John’s, NL, NL, Canada.
Hydrogen sulfide (H2S) is an acutely toxic gas, with a threshold toxicity of
200 ppm. It is also a gasotransmitter, acting through the S-sulfhydration of
cysteine side chains [1]. Despite being chemically analogous to water, H2S
can permeate biological membranes without a facilitator [1]. To examine
this process, we used molecular dynamics simulations to calculate the poten-
tial of mean force (PMF) of H2S crossing a model lipid bilayer. As H2S is a
highly polarizable molecule, we used the Drude polarizable force field for
H2S developed in our group [2], in conjunction with a polarizable model
for DPPC lipid bilayers [3]. Our computed PMFs show that H2S is sparingly
soluble in bulk water and partitions readily into the interior of the membrane.
Free energies are lowest when H2S is in the tail region of the lipids and the
barriers corresponding to H2S crossing the water/lipid interface are small.
This is in contrast the high free energies that occur when water molecules
enter the membrane interior. Induced polarization plays a secondary role in
H2S permeation, with H2S being most strongly polarized in the bulk solvent
and near the lipid head groups, but having a dipole moment near the gas phase
value of 0.98 D in the membrane interior. Despite a significant dipole moment
and large polarizability, H2S is solvated and permeates membranes like a
hydrophobic solute.
[1] Gadalla, Snyder, J. Neurochem. 2010, 113, 14.
[2] Mathai et al. PNAS 2009, 106, 16633.
[3] Riahi, Rowley, J. Phys. Chem. B 2013, 117, 5222.
[4] Chowdhary et al. J. Phys. Chem. B, 2013, 117, 9142.
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The Interaction of Resveratrol with DPPC Bilayers - a Biophysical Contri-
bution on the Mediterranean Diet
Alexis de Ghellinck1,2, Chen Shen3, Paul Stein4, Giovanna Fragneto1,
Michele Sferrazza2, Beate M. Klo¨sgen3.
1Institut Laue-Langevin, Grenoble, France, 2Phys. Dept., Universite´ libre de
Bruxelles, Brussels, Belgium, 3Dept. of Phys., Chem. and Pharm. &
MEMPHYS, Univ. Southern Denmark, Odense M, Denmark, 4Dept. of Phys.,
Chem. and Pharm., Univ. Southern Denmark, Odense M, Denmark.
Resveratrol, contained in the skin of grape and accordingly in red wine, exhibits
a wide range of health effects such as cardioprotection and anti-oxidation. Bio-
physical studies on the unspecific interaction of resveratrol with lipid mem-
branes are rare so far. Here we present results from a series of investigations
on the interaction of resveratrol with DPPC model membranes, combining
structural (neutron reflectometry) and thermodynamic methods (measurement
of partition coefficient, Langmuir isotherm and differential scanning calorim-
etry (DSC)).
The details of the partitioning and the neutron experiments report on the local-
ization of resveratrol within the membrane headgroup layer, close to the inter-face between the hydrophilic headgroup region and the hydrophobic core. Its
presence decreases the tilt angle of the headgroups with respect to the mem-
brane surface normal, as compared to the control (pure DPPC). At the same
time, the projected area per headgroup drops, and the bilayer is more
condensed.
The analysis of the thermograms confirms these findings. DSC measurements
on SUVs of pure DPPC (0.05C/min) exhibit a complex characteristics of
the main transition, revealing three peaks. We attribute them to a contribution
of the headgroups and a bending dependent contribution of the chains, different
for the two leaflets. With resveratrol, the headgroup transition exhibits a
freezing point depression together with a loss in cooperativity. The chain
condensation makes the corresponding transition more uniform. We conjecture
a compensating effect of resveratrol: extrusion allows for an asymmetric distri-
bution among the two leaflets that partially counteracts the curvature induced
packing gradient in the core region.
The findings in summary yield a more comprehensive view on the passive
impact of resveratrol inmodelmembranes that will hopefully contribute to a bet-
ter understanding of the biophysical mechanisms behind theMediterranean diet.
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DMPC: A Remarkable Exception to the Tocopherol’s Membrane Presence
DrewMarquardt1, Justin A. Williams2, Jacob J. Kinnun2, Norbert Kucerka3,
Jeffrey Atkinson1, Stephen R. Wassall2, John Katsaras4,5, Thad A. Harroun1.
1Brock University, St Catharines, ON, Canada, 2IUPUI, Indianapolis, IN,
USA, 3Canadian Neutron Beam Centre, Chalk River, ON, Canada, 4Oak
Ridge National Laboratories, Oak Ridge, TN, USA, 5University of Tennesse,
Knoxville, TN, USA.
There are many conflicting results in the literature regarding a-tocopherol’s
(aToc) biological function. To a great extent, this ambiguity regarding aToc’s
physiological role has been perpetuated because of the lack of conclusive, and
sometimes conflicting, experimental data.
Dimyristoyl phosphatidylcholine (DMPC, di-14:0PC) is one of the most
common model systems for examining the location, behavior, and antioxidant
properties of aToc in membranes. For decades, biophysicists have used DMPC
bilayers as biological mimics. For the most part, DMPC’s popularity as a model
membrane system can be attributed to the fact that it is stable, inexpensive, and
easy to obtain. Importantly, the bilayers that it forms have physical properties
not dissimilar to those found in biological membranes (e.g., liquid crystalline
order, hydrophobic thickness, etc.).
Using different physical techniques (i.e., neutron diffraction, NMRandUVspec-
troscopy), we obtained structural data that rationalize much of the previously
conflicting and inexplicable data regarding aToc behavior in DMPC bilayers.
Our neutron, 2H NMR and oxidation assays data unambiguously locate aToc’s
active chromanolmoiety deep in the hydrophobic core of DMPCbilayers, a loca-
tion that is in stark contrast to what was previously observed in other PC bilayers.
Our results clearly demonstrate the importance of lipid species diversity found
in biological membranes, and strongly suggest that measurements regarding
aToc’s oxidation kinetics and its by-products in DMPC bilayers should be
revisited taking into consideration its proposed location in these bilayers.
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Lipid Mediated Heterogeneity in Cisplatin Resistance in Cancer Cell Lines
Krishnan Raghunathan1, Aarif Ahsan2, Dipankar Ray2, Mukesh Nyati2,
Sarah Veatch1.
1Dept of Biophysics, University of Michigan, Ann Arbor, MI, USA, 2Dept of
Radiation Oncology, University of Michigan, Ann Arbor, MI, USA.
Cisplatin is a classic chemotherapeutic agent used for treating several forms of
cancer. However, cells develop resistance to the drug in some patients and the
mechanism of resistance to cisplatin is currently unknown.We hypothesize that
some aspects leading to resistance of cells to cisplatin have their origin in the
mixing properties of plasma membrane lipids. These changes in the plasma
membrane could augment or suppress cisplatin induced signaling events in a
way that infers resistance to cisplatin. Here, we present experimental results
linking the resistance of cisplatin to the effects that cisplatin has on the mixing
properties of plasma membranes. We have accomplished this by measuring
how cisplatin treatment alters miscibility critical temperatures in giant plasma
membrane vesicles isolated from cancer cells with varying resistance to this
drug. In addition, we have monitored cellular responses to cisplatin treatment
in the presence of biochemical modulators of membrane physical properties.
We conclude that membrane physical properties play a role in cancer cells
developing resistance to this chemotherapeutic drug. Further understanding
of the molecular mechanisms through which membrane physical properties
impact this process will enable in better understanding for developing therapies
for battling cancer.
